The most common factor related to the chronic obstructive pulmonary disease (COPD) development is the chronic smoking habit. Our study describes the temporal kinesis of pulmonary cellular influx through BALF analyses of mice acutely exposed to cigarette smoke (CS), the oxidative damage and antioxidative enzyme activities. Thirty-six mice (C57BL/6, 8 weeks old, male) were divided in 6 groups: the control group (CG), exposed to ambient air, and the other 30 mice were exposed to CS. Mice exposed to CS presented, especially after the third day of exposure, different cellular subpopulations in BALF. The oxidative damage was significantly higher in CS exposed groups compared to CG. Our data showed that the evaluated inflammatory cells, observed after three days of CS exposure, indicate that this time point could be relevant to studies focusing on these cellular subpopulation activities and confirm the oxidative stress even in a short term CS exposure.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by chronic airway inflammation, irreversible airflow limitation and emphysema [1, 2] . The risk factors of COPD include indoor air pollution from biomass fuel, pulmonary tuberculosis, chronic asthma, socioeconomic status, genetic background and environmental factors [3] , however, the disease occurs predominantly in adult cigarette smokers [4] . Despite this, over 1 billion people continue to smoke and half of them are likely to develop a serious smoking-related disease. Although the efforts to reduce smoking prevalence has to be brought into focus, understanding the processes that contribute to the inception and progression of smoking-related illnesses are of equal importance, given the highly addictive nature of cigarette smoke [5] .
The lungs are an important way of exposure to environmental pathogens and antigens; nonspecific and specific defense mechanisms are involved in cleaning up these foreign substances from the lungs. Protection against the foreign material reaching the lung alveoli involves innate and adaptive immune responses.
The innate defense system of the lung is provided by the epithelial barrier and the acute inflammatory response which follows tissue injury, including the recruitment and activation of neutrophils, eosinophils and macrophages [7] . Resident and inflammatory lung macrophages exhibit different origins and lifespans in lungs and have been identified as key regulators of pathological and reparative processes. Alveolar macrophages, which are considered tissue-resident macrophages, populate lung tissue during early embryogenesis and remain viable for prolonged periods with minimal replenishment from bone marrow-derived monocytes. In contrast, inflammatory macrophages originate from bone marrowderived monocytes and have a shorter half-life [7] . Macrophages are activated by CS extract and secrete not only elastolytic enzymes, but also many inflammatory chemokines (e.g., interleukin-8 and CXCR3-ligands), attracting neutrophils and cells from acquired immunity [6] .
The adaptive immune response is dependent upon B-and Tlymphocytes (CD4 + and CD8 + ), and has a longstanding memory for previous damage [6] . The acquired immunity involves specific immune responses that are elicited by antigens of various origins and that are executed primarily by T and B cells. Acute smoke exposure resulted in significant increases in neutrophils and mononuclear cells within the lung [5] , suggesting that all the different inflammatory cells together are responsible for lung injury caused by cigarette smoke [6] .
Oxidative stress has been implicated as a strong factor favoring the pathogenesis and progression of COPD [9] . Cigarette smoke (CS) is associated to the oxidative stress in several organs because it contains high concentrations of free radicals and reactive oxygen species (ROS) [10] . Oxidants present in cigarette smoke can stimulate alveolar macrophages to produce ROS and to release mediators, some of which attract neutrophils and other inflammatory cells into the lungs. [11] . In in vitro studies using alveolar macrophages and bronchial epithelial cells, ROS have been shown to induce gene expression of inflammatory mediators, such as IL-1 and TNF alpha. The direct or indirect oxidant stress to the airway epithelium and alveolar macrophages may also generate cytokines, such as TNF alpha and IL-1beta, which in turn can activate airway epithelial cells to induce pro-inflammatory genes, such as TNF alpha, IL-8, IL-1, iNOS, COX-2, ICAM-1, VCAM-1, IL-6, MMP-9, MIP1alpha, GM-CSF, stress response genes and antioxidative enzymes (such as MnSOD and thioredoxin) [12] .
Evidences support an imbalance between oxidant and antioxidant agents in the lungs and bloodstream of cigarette smokers and COPD patients [13] . Structural changes to essential components of the lung are caused by oxidative stress, contributing to irreversible damage of both parenchyma and airway walls [14] . These changes result in inflammatory cells influx followed by the increase of lipid peroxidation products, pro-inflammatory cytokines and altered antioxidative capability [15] . In order to minimize the oxidative damage, mammalian lungs present an integrated antioxidative enzymatic system [16, 17] . The main components of this antioxidative enzymatic system are superoxide dismutase (SOD), catalase (CAT) and glutatione peroxidase (GPx). SOD is the primary enzymatic defense in the lungs against the damaging effects of O À 2 and H 2 O 2 by converting O À 2 into H 2 O 2 , which is a substrate for CAT and GPx [18] . The antioxidative enzymes constitute a critical mechanism to protect the lung parenchyma from damage caused by free radicals [19] .
The present work aimed to evaluate, phenotypically, the temporal cellular influx, the oxidative damage and antioxidative enzymatic system activities in the lung of mice acutely exposed to cigarette smoke.
Methods

Animals
Male C57BL/6 mice, 8 weeks old (Laboratory of Experimental Nutrition, Department of Food -School of Nutrition, Federal University of Ouro Preto) were housed under controlled conditions in standard laboratory cages. They were provided free access to water and food. All in vivo experimental protocols in animals at the Federal University of Ouro Preto were approved by the Ethics Committee.
Reagents
Coomassie blue, bovine serum albumin (BSA), thiobarbituric acid (TBA), trichloroacetic acid, tetramethoxypropane (TMP), adrenaline, glycine buffer, catalase, nicotinamide adenine dinucleotide phosphate (NADPH), ethylenediaminetetraacetic acid (EDTA), hydrogen peroxide, phosphate buffered saline (PBS), glutathione reductase, NaHCO 3 , sodium azide, monoclonal antibodies (anti-CD4-PE, CD8-PerCP, GR1-FITC, F4/80 À APC and CD11b À PE).
Cigarette smoke exposure protocol
C57BL6 male mice (n = 36) were exposed to 6 commercial fullflavor filtered Virginia cigarettes (10 mg of tar, 0.9 mg of nicotine and 10 mg of carbon monoxide) per day for 5 days by using a smoking chamber previously described [20] [21] . The groups exposed to CS for 1, 2, 3, 4 or 5 days were called CSD1, CSD2, CSD3, CSD4, and CSD5, respectively. Briefly, each group of mice was placed in the inhalation chamber (40 cm long, 30 cm wide and 25 cm high), inside an exhaustion chapel. A cigarette was coupled to a plastic 60 mL syringe so that puffs could be drawn in and subsequently expelled into the exposure chamber. One liter of smoke from one cigarette was aspirated with this syringe (20 puffs of 50 mL) and the puff was immediately injected into the chamber. The 6 animals of each group were maintained in this smoke-air condition ($3%) for 6 min, then the cover was removed from the inhalation chamber and by turning on the exhaust fan of the chamber of the chapel, the smoke was evacuated within 1 min. The mice were then immediately exposed to CS from a second cigarette for 6 min. The treatment was performed three times per day (morning, noon and afternoon), being two cigarettes per inhalation. The mice exposed to ambient air were used as the control group (CG; n = 6) [22] .
Bronchoalveolar lavage fluid (BALF), cell staining and flow cytometry
The animals were killed by cervical displacement. Airspaces were washed with buffered saline solution (0,5 mL) for three consecutive times in the lung (final volume 1.2-1.5 mL). The fluid was withdrawn and stored on ice. Cells from BALF samples were counted using standard morphologic criteria and used to flow cytometry analyses.
BALF cells were incubated with the different antibody solutions for 30 min at 4°C, washed with phosphate-buffered saline (PBS, pH 7.2) and fixed in a formaldehyde-containing solution. The expression of surface molecules was investigated combining differentially labeled anti-CD4 and anti-CD8 or anti-F4/80, anti-CD11b and anti-GR1. All the antibodies were from BD-Pharmingen, San Jose, CA. Fixed samples were maintained in the dark at 4°C until the acquisition of FACSCalibur (Becton-Dickinson). The data analyses were performed using the software FlowJo (Tree Star).
Processing and homogenized tissue
After performing BALF, the right ventricle was perfused with saline to remove blood from the lungs. The right lung was clamped so that just the left lung could be perfused with 4% buffered formalin (pH 7.2) at a pressure of 25 cm H 2 O for 2 min, via trachea. The left lung was removed and then immersed in a fixative solution for 48 h. Then, the material was processed as follows: bath with tap water for 30 min.
Bath in 70% alcohol and 90% for 1 h each step, two baths in 100%
ethanol for 1 h each and embedded in paraffin. The serial 5 lm sagittal sections with hematoxylin and eosin were obtained from the left lung for histologic analyses. Following the removal of the left lung for histology, the right lung was immediately removed and stored on crushed ice in tubes duly labeled. Then, the organ was homogenized in 1 ml potassium phosphate buffer pH 7.5 and centrifuged at 1500g for 10 min. The supernatant was collected and the final volume of all samples adjusted to 1.5 mL with phosphate buffer. The samples were stored in a freezer for a biochemical analysis.
Analysis of oxidative damage and antioxidant enzyme activities
As an index of lipid peroxidation we used the formation of TBARS during an acid-heating reaction as previously described by Draper [23] . Briefly, the samples from lung homogenates were mixed with 1 mL of 10% trichloroacetic acid and 1 mL of 0.67% thiobarbituric acid; they were subsequently heated in a boiling water bath for 30 min. TBARS were determined by the absorbance at 532 nm and were expressed as malondialdehyde equivalents (nm/mg protein). Lung homogenates were used to determine SOD, CAT, and GPx activities. The SOD activity was assayed by measuring the inhibition of adrenaline auto-oxidation as absorbance at 480 nm [24] . CAT activity was measured by the rate of the decrease in H 2 O 2 at 240 nm [25] . GPx activity was measured by monitoring the oxidation of NADPH at 340 nm in the presence of H 2 O 2 [26] . The total protein content in each sample was determined by the method of Bradford [27] .
Statistical analysis
The normal distribution of each variable was evaluated using the Kolmogorov-Smirnov test and were expressed as means ± SEM. For comparison among groups, one-way ANOVA followed by the Tukey post-test were performed (p < 0.05). The KruskalWallis test followed by the Dunns post-test was used to analyze discrete data (p < 0.05). The InStat Graphpad software was used to perform the statistical analyses (GraphPad InStat version 5.00 for Windows 7, GraphPad Software, San Diego, CA, USA).
Results
In order to verify the dynamic of the cellular influx during the five days of CS exposure, we determined the amount of leucocytes, presented in bronchoalveolar lavage fluid (BALF) of the analyzed groups (Fig. 1) . A gradual increase of inflammatory cells in pulmonary tissue was observed from the second day until the last day of cigarette smoke exposure. The increscent quantity of cells on the second day (135 ± 21.56 Â 10 posed to ambient air presented normal-size air spaces and normal alveolar septa (Fig. 2) . In the CS group, the alveolar spaces were similar to those in the control group, but leukocytes were more frequently observed in the alveoli since CS exposure leads to an influx of cells into the lung (Fig. 2) .
To better understand the cellular populations recruited to the lung during acute exposure to cigarette smoke, we evaluated, using flow cytometry, the cellular BALF content. We investigated the presence of four different cellular populations: CD4 + T lymphocytes, CD8 + T lymphocytes, neutrophils and macrophages (Fig. 3) .
We observed that macrophages (F4/80 + CD11b + cells) were the main cellular group present in BALF of CS exposed mice (CS1D 80.2%, CS2D 82.2%, CS3D 84.2%, CS4D 81.9% and CS5D 84.6%). Besides, macrophages were the first cellular population to increase in number, right after the first cigarette smoke exposure (Fig. 3A) .
Macrophages were persistent during all the period of cigarette smoke exposure (Fig. 3A) . Alveolar macrophages (AMs) and other monocytes are the most important part of the innate immune response in the lungs [8] . We decided to classify, based on GR1 expression, the macrophages population observed by us as inflammatory lung macrophages (F4/80
. We observed that on the second day of CS exposure, the number of resident macrophages (F4/80
À ) was increased (92.73%) when compared to CG (69.63%) and the inflammatory lung macrophage numbers (7.25%) (F4/80
were dramatically reduced compared to CG (30.37%) (Fig. 3B and C) . In relation to neutrophils (GR1 high-
CD11b
+ F4/80 À ), cigarette smoke exposure lead to a reduction of this cell population, on the second day of exposure (CS2D 1.1%) when compared to control group (CG 3.9%) (Fig. 3D) . We observed that neutrophil population became prominent and persistent after the third day of cigarette smoke exposure (CS3D 6.1%, CS4D 4.9% and CS5D 5.4%) when compared to the first (2.2%) and second days (CS2D 1.1%) of CS exposure (Fig. 3D ). Concerning to lymphocyte subpopulations, an increase in CD4 + cells on the third day of exposure (CS3D 6.6%) was observed when compared to the percentage of these cells on the second day (CS2D 2.7%) (Fig. 3E ). The increase in CD4 + cells was persistent after the third day of cigarette smoke exposure (Fig. 3E) . Similarly, CD8 + T lymphocytes were recruited to the lung mainly after the third day of cigarette smoke exposure (CS3D 5.5%) when compared to the first (CS1D 2.2%) or second days of exposure (CS2D 1.7%) (Fig. 3F) . CD8 + cells were persistent in BALF after the third day of exposure (Fig. 3F) . Considering that macrophages were the most predominant cellular type on BALF during the five days of acute CS exposure (CS1D 80.2%, CS2D 82.2%, CS3D 84.2%, CS4D 81.2% and CS5D 84.6%) (Fig. 3A) , we decided to compare the percentages of combined lymphocyte subpopulations (CD4 + and CD8 + cells) and neutrophils in each point of cigarette smoke exposure, trying to identify the second most predominant cellular population during acute exposure (Fig. 4) . We observed no differences between percentages of lymphocyte (CG 8.8%) and neutrophil (CG 5.5%) populations in the CG (Fig. 4A) . However, from the first until the last day of acute cigarette smoke exposure, lymphocyte population increased (CS1D 5.7%, CS2D 4.0%, CS3D 13.0%, CS4D 11.0% and CS5D 11.0%) when compared to the neutrophil population (CS1D 2.2%, CSD2 1.1%, CS3D 6.1%, CS4D 4.9% and CS5D 5.4%) (Fig. 4B-F) .
Macrophages and neutrophils present on pulmonary site contribute to an oxidant-antioxidant imbalance [28] . As we observed an influx of those cells into the lung through BALF analyses, we decided to determine if the acute exposure to cigarette smoke associated with cellular influx could lead to an oxidant-antioxidant imbalance. For this, we used the formation of TBARS as an index of lipid peroxidation and measured the activities of SOD, CAT, and GPx from lung homogenates. Data are presented in Table 1 . Difference between the fifth days of exposure to CS (CS5D), fourth day of exposure to CS (CS4D) compared to the third day of exposure to CS (CS3D). Data were expressed as mean ± SEM (n = 6) and were analyzed by one-way ANOVA followed by Tukey post-test (p < 0.05).
The TBARS formation was evaluated to obtain an index of the oxidative damage resulted from exposure to CS. As shown in Table 1, the CS groups, from the second day of exposure, presented an elevated TBARS content in lung homogenates: CS2D (1.05 ± 0.03 U/mL/mg prot), CS3D (1.03 ± 0.02 U/mL/mg prot), CS4D (1.02 ± 0.03 U/mL/mg prot) and CS5D (1.20 ± 0,01 U/mL/ mg prot) when compared to CG (0.87 ± 0.02 U/mL/mg prot). SOD and CAT are the most important antioxidative enzymes responsible for the oxidative balance in the lungs and they are generally regulated by oxidative stress. SOD activity was decreased in lung homogenates in the groups exposed to CS during 3 days, CS3D (53.8 ± 13.8 U/mg prot) or 5 days CS5D (57.6 ± 2.7 U/mg prot) when compared to the SOD activity from CG (119.7 ± 4.8 U/ mg prot).
On the other hand, the CAT activity was higher in exposed animals CS3D (27.1 ± 6.7 U/mg prot) and CS4D (22.3 ± 5.5 U/mg prot) when compared to CG (12.3 ± 4.8 U/mg prot). The CAT activity was not significantly different to CS1D (13.7 ± 2.5 U/mg prot), CS2D (12.9 ± 2.0 U/mg prot) and CS5D (15.1 ± 4.3 U/mg prot) when compared to CG. GPx, an antioxidative enzyme that reduces H 2 O 2 to H 2 O by oxidizing glutathione, was also measured. Similarly to CAT results, the GPx activity was higher in CS exposed groups CS1D (213 ± 60.0 mM/min/mg prot À1 ) and CS2D (232 ± 22.4 mM/ min/mg prot À1 ) when compared to CG (112 ± 6.9 mM/min/ mg prot 
Discussion
In this study, we performed a phenotypic characterization of the pulmonary cellular influx of animals acutely exposed (during 5 days) to cigarette smoke as well as the oxidative damage of this exposure reflected by lipid peroxidation and the activities of the antioxidative enzymes SOD, GPx and CAT in that context. Cigarette smoke (CS) has been implicated as the main risk factor for the development of COPD [29, 30] . CS components can cause an inflammatory response upon inhalation and this exposure is considered to be the starting point for the pathogenesis in COPD [31] . CS is a mix of carcinogenic compounds, toxins, solid reactives, oxidants and free radicals [32, 33] which could initiate, promote and/or amplify oxidative damage [30] . They could also alter immunological functions that affect both humoral and cell-mediated immune responses such as elevated white blood cell count, increased numbers of circulating lymphocytes and an abnormal T-cell profile [34] .
Multiple studies indicate that repeated exposure to cigarette smoke may induce prolonged airway inflammation associated with cellular infiltration of macrophages and neutrophils [35] . To evaluate if a short term CS exposure could generate a cellular influx from peripheral blood to the pulmonary tissue, we determined the amount of cells present in the bronchoalveolar lavage in animals acutely exposed (CSD1, CSD2, CSD3, CSD4 and CSD5) or not exposed (CG) to CS. We observed that CS exposure lead to a significant increase of inflammatory cells in the pulmonary tissue of animals after two days of CS exposure as compared to non-exposed animals. Our findings are corroborating previous studies of Bezerra and co-workers [30] that reported that macrophages were numerous in the lungs of CS groups and that polymorphonuclear cells were present in this tissue as well. Besides, a well-documented effect of cigarette smoking in humans is leukocytosis (an increased number of blood leukocytes). However, the function of these cells is greatly reduced [8] .
In order to better characterize the observed cellular influx during the 5 days of CS exposure, we evaluated, phenotypically, the cells present in BALF. The main cellular type observed in BALF of animals exposed to CS was constituted by macrophages. These cells were responsible for about 90% of the BALF cellular content from the first to the last day of CS exposure. A similar result was reported by Castro and co-workers [36] . In that study, animals exposed to CS presented a high amount of resident macrophages in BALF exactly on the first day of exposure when compared to the non-exposed group. Another work, using different amounts of cigarettes, has demonstrated a significant increase in macrophages in murine BALF after 1 and 2 days of CS exposure when compared to the non-exposed group [36] . In our study, we have shown that murine inflammatory lung macrophages are rapidly recruited following the first contact with cigarette smoke, reacting to relative small amounts of cigarette smoke soon after exposure. Based on the differential expression of GR1, we divided our total macrophage population (F4/ 80 smoke than the inflammatory lung macrophages population since the last population presented a decrease in their number on the second day of exposure to CS. It is unlikely that the decrease of inflammatory lung macrophages on the second day results from ongoing CS exposure apoptosis, but rather suggests macrophage emigration from the lung parenchyma to alveolar space. A similar result was reported by Landsman and co-workers [37] . In that study, one day following DTx treatment, inflammatory lung and resident macrophage numbers were reduced. The decrease in resident macrophage number was followed by their rapid reconstitution, and 2 days after the treatment, their amount almost reached initial levels. Inflammatory lung macrophages, in contrast, continued to decline, reaching their lowest value on the fourth day [37] .
Neutrophils are key effector cells in COPD, the presence of airway neutrophils and the level of IL-8 and Neutrophil elastase (NE) are related to the severity of airflow obstruction. CS can influence the accumulation of airway neutrophils, which is associated with the production of innate immune mediators and with an increase in airflow obstruction [31] . Besides macrophage populations, we identified neutrophils in BALF of mice acutely exposed to CS. This cellular population presented an increase in number starting from the third day of exposure when compared to the non-exposed group. However, on the second day of exposure, we observed a decrease in this population when compared to the control group. D'Hulst and co-workers [6] , reported the development of a progressive neutrophilia in BALF of animals exposed to CS during 24 weeks. Our data corroborate a previous study using daily exposure of 4 or 8 cigarettes during 7 consecutive days, in which neutrophil recruitment was observed on the fourth day of exposure, indicating that the cellular influx is dependent on the exposure time and the applied cigarette amount [36] . The observation of the neutrophil decrease on the second day of exposure might be explained by the presence of toxic substances present in the cigarette smoke, such as superoxide, in contact with lung parenchyma. On the other hand, the pulmonary influx of neutrophils observed after the third day of CS exposure may be due to the necessity of a previous macrophage activation followed by the release of proinflammatory mediators in lung epithelial fluid, which would then amplify the inflammatory cascade by the activation of epithelial cells as well as the recruitment of neutrophils to the airways [38] . ) in BALF of mice exposed or not to cigarette smoke, n = 6 (F). Data were expressed as mean ± SEM (n = 6) and were analyzed by one-way ANOVA followed by Tukey post-test (p < 0.05).
We observed that T lymphocytes, CD4 + and CD8 + , are present in BALF of acutely CS exposed mice and an increase of recruited T cells was noticed after the third day of CS exposure, similarly to what was observed to neutrophils. Inflammatory cells, especially macrophages and lymphocytes, have been directly associated to subsequent development of COPD in experimental cigarette smoke, n = 6 (F).Data were expressed as mean ± SEM (n = 6) and were analyzed by one-way ANOVA followed by Tukey post-test (p < 0.05). models [39, 40] . The recruitment of lymphocytes is possibly a result of the pulmonary aggression by the toxic compounds of CS. T lymphocytes, especially CD4 + , contribute to the recruitment of other cellular types such as macrophages and neutrophils [41] . There was no difference between the number of lymphocytes or neutrophils in BALF of non-exposed mice. However, from the first until the last day of CS exposure, the percentage of lymphocytes recruited to pulmonary site was higher than the percentage of recruited neutrophils. The lower percentage of neutrophils in our model is consistent with the data of other groups, since the inflammation observed after acute exposure to CS becomes enriched with neutrophils after one week of CS exposure [42] . On the other hand, chronic exposure is characterized by a BALF consisting of neutrophils, macrophages and lymphocytes after one month of CS exposure as previously reported by us and others [42] . Macrophages and neutrophils recruited to the lung in response to the aggression of CS compounds are endogenous generators of oxidants and can contribute to oxidative stress that is an imbalance between the production of oxidants and the body's ability to detoxify the reactive intermediates or repair the resulting damage.
Cigarette smoke exposes the lung to extreme levels of oxidative stress [43] . Products of oxidative stress can activate signaling mechanisms to enhance the inflammation of upper air pathways [38] . Polyunsaturated fats and fat acids in cell membranes are important target to free radical attack, resulting in lipid peroxidation, a process that in its end can generate peroxides and aldehydes [17] . The exposure to CS is associated with increased level of malondialdehyde (MDA), a marker of oxidative stress that can be measured in body fluids by the TBARS method [23] . In our work, we showed increased levels of MDA in the homogenized lung in animals exposed to CS from day 2 until day 5, CS2D, CS3D, CS4D and CS5D, when compared to control group. Our data are corroborating another work in which was observed that a short-term cigarette smoke exposure is associated with acute lung inflammation and oxidative damage [44] .
ROS are inherent by-products of activated leukocytes and contribute to the inflammatory response and parenchyma destruction. Additionally, the direct increase in the oxidative burden, produced by the release of oxygen radicals from inflammatory neutrophils and macrophages, has relevance to the oxidant-antioxidant imbalance committed thereby to the establishment of an oxidative stress [45] . Inflammatory mediators and redox markers were assayed in lung homogenates by Valenca and co-workers in 2012, whereas leukocyte numbers were quantified in BALF. They suggest a temporal response between parenchyma and BALF.
In this research, SOD, CAT and GPx activities were evaluated to understand their contributions to the redox imbalance during the time course of CS exposure. SOD is the main enzymatic lung defense against the deleterious effects of O À 2 acting through the conversion of O À 2 into H 2 O 2 , a substrate to CAT and GPx. It was the first time that one work shows a decrease in the SOD activity on the third and fifth day of animal exposure to the cigarette smoke when compared to CG. Interestingly, it was observed a decrease in SOD activity in CS exposed animals and an increased activity of CAT in groups exposed to CS during 3 and 4 days, CS3D and CS4D, when compared to control group. GPx is another key enzyme for the maintenance of redox equilibrium. The enhanced GPx activity has been shown in lung of rats exposed to CS during 21 days [38] . Nevertheless, COPD patients present low levels of GPx activity [46] . In our work, the activity of GPx was enhanced in animals exposed to CS during 1 and 2 days, CS1D and CS2D, when compared to control group and, during 3 and 4 days of CS exposure, CS3D and CS4D. It is possible that in our short term CS exposure, GPx and CAT assume the protective role at the beginning and at the end of the CS exposure, respectively.
Taken together, our data show that it is possible to observe a cellular influx into the pulmonary site even in acute CS exposure model. This cellular influx is characterized by a massive influx of macrophages into the lungs, detected in the BALF, accompanied by a discrete increase in lymphocyte and neutrophil numbers. Besides, our short term CS exposure was enough to show an oxidative damage in lung parenchyma evidenced by the enhancement of GPx and CAT activities in different stages of CS treatment. These results validate an acute CS model in which is possible to obtain cellular and biochemical data from short term CS exposure. Studies concerning the function of those cells in the acute CS exposure will be necessary to determine the role of those cellular populations in this short term exposure context.
